The purpose was to investigate the degree of implementation and appreciation of a comprehensive school-randomized fruit and vegetable intervention program and to what extent these factors were associated with changes in reported fruit and vegetable intake. The study was conducted among 10-to 13-year old children exposed to the intervention during the school year 2003-04 in Norway, Spain and the Netherlands. Children, parents and teachers completed questionnaires regarding (i) the implementation of the school curriculum, (ii) parental involvement, (iii) distribution of fruit and vegetables at school, (iv) children's appreciation of the project and (v) children's intake levels. Univariate analyses of covariance and multilevel multivariate regression analyses indicated that teacher-reported level of implementation of the school curriculum and schoolchildren's appreciation of the project were important determinants of changes in intake. The results point to the importance of optimal implementation of an attractive school curriculum.
Introduction
Literature reviews of state-of-the-art school-based interventions to promote consumption of fruit and vegetables among schoolchildren have provided useful information for developing and implementing successful interventions [1] [2] [3] [4] [5] [6] . Interventions should be multicomponent, including school-based education aimed at children's behavioral determinants, parental involvement and changes in the school environment. Within the Pro Children project [7] , a multicomponent intervention was developed that incorporated these elements [8] . Several interventions, including the Pro Children intervention, have shown to be effective [3, [9] [10] [11] [12] [13] . After 1 year, the children who received the Pro Children intervention consumed 57 g/day more fruits and vegetables compared with children who did not receive lessons on fruit and vegetables [9] . However, when implementing comprehensive multicomponent interventions, it is difficult to determine which components contributed to the effects. The most ideal situation would be to test the effects of intervention components separately before launching the comprehensive program. Since such a stepwise approach requires time and money and is often not feasible, process evaluations are recommended to explore mediators of effects [14, 15] .
The aim of the present study was first to investigate (i) the quantity and quality of Pro Children activities that were implemented at school (school curriculum extent and fidelity), (ii) the degree of parental involvement as indicated by the number of activities that were carried out with (one of) the parents, (iii) exposure to fruit and vegetables as indicated by changes in weekly frequency of direct intervention-related distribution of fruit and vegetables at school and (iv) appreciation of the project by the child. The second aim of this study was to assess whether these four process measures were associated with the short-term effects on schoolchildren's frequency of fruit and vegetable intake.
Methods

Data collection and management
The effects of the intervention were examined in a group-randomized trial design among 2106 10-to 13-year old schoolchildren from 62 schools with 117 classes, within three European countries. Surveys among children and parents were conducted prior to the intervention (September 2003), immediately after (May 2004) and at the end of the following school year (May 2005) in the intervention and control schools.
The first year of the intervention was most intensive, while during the second school year the intervention existed of continuation of the delivery of fruit and vegetables, and some booster sessions, i.e. all intervention children received a free fruit and vegetable cookery book and could continue the computer-tailored tool, while their parents received two newsletters. Process questions regarding the implementation and appreciation of the intervention were therefore included in the first follow-up questionnaires for children and parents, i.e. in May 2004. Children were asked to complete the questionnaires during school hours in the presence of a project worker and took a questionnaire home to be completed by one of its parents. Thus, the eligible sample of the current study consisted of 1115 children. Teachers were asked to complete two questionnaires: one halfway through, i.e. January 2004, and one at the end of the first intervention period, i.e. in May 2004. In addition, teachers were asked to keep pre-structured logbooks during the intervention period and return this at the end of the first intervention period, in May 2004.
All data were entered and cleaned at the national centers according to a standardized protocol. The national data sets were then pooled and further data processing and quality control of the intake data was carried out at the Pro Children Data Management Center, University of Vienna (for more information on protocols and data management, as well as the Pro Children questionnaires, please see www.prochildren.org) [16] . Ethical approval for the Pro Children project was obtained from the medical ethical committees in all countries. Responses were treated anonymously and confidential.
The intervention
The 'school curriculum' consisted of 16 lessons guided by worksheets and a web-based computertailored feedback tool that children were asked to complete three times during the intervention period. Four of the lessons involved homework assignments. 'Parents' were encouraged to be involved in the project by means of homework assignments of their child, parental newsletters and a parent version of the web-based computer-tailored tool that enabled them to get personalized feedback on their own fruit and vegetable intake levels. The 'distribution of fruit and vegetables at school' differed between the three countries, since the organization was adapted to each country's situation. In Norway and Spain, children were invited to subscribe to an existing fruit and vegetable program and received a piece of fruit or a carrot during lunch or during a fruit break each school day for which the parents pay a fee (independent of the intervention program). In the Netherlands, all intervention children received a piece of fruit, a carrot or a tomato for free during a fruit break two schooldays per week. A more detailed presentation of the intervention is published elsewhere [8] .
The implementation of above mentioned that the intervention started in October 2003 and lasted until the end of April 2004. To guide the teachers in implementing the intervention program, all eligible teachers were invited to take part in a 1-day teacher training prior to the start of the intervention, and were provided with a teachers' project manual. The teachers were encouraged to implement all lessons and to follow the suggested schedule, so that the school-based activities and the activities for M. Wind et al.
which parental support was needed were spread throughout those 7 months.
Measures Intake
Primary outcome measures were frequency of usual fruit and vegetable intake. Frequency of fruit intake was assessed by one food frequency question: 'How often do you usually eat fresh fruit'. Mean total frequency of vegetable intake per day was calculated by the sum of three food frequency questions: 'How often do you usually eat of salad/ grated, raw and cooked vegetables'. All four frequency questions had eight response alternatives ranging from 'never' (0) to 'every day, more than twice per day' (7).
Prior to this study, two separate studies were conducted to assess the validity and reproducibility of the food frequency questions [17] . The validity study was conducted in a population of children from four of the Pro Children countries (Denmark, Norway, Iceland and Portugal), and showed that Spearman rank correlations for frequency of fruit and vegetable intake as assessed by the Pro Children food frequency questions and a 7-day food record ranged between 0.38 and 0.51 for fruit and between 0.43 and 0.51 for vegetables. For fruit, between 26 and 48% were classified into the same quartile and 70 and 84% into the same or adjacent quartile of intake. For vegetables, between 22 and 39% were classified into the same quartile and 75 and 88% into the same or adjacent quartile of intake The reliability study was conducted in a population of children from six of the Pro Children countries (Denmark, Norway, Iceland, Belgium, Portugal and Spain) and showed that test-retest Spearman rank correlations were between 0.47 and 0.77 for fruit and between 0.59 and 0.74 for vegetables. Specific information on the development, reliability and validity of the intake part of the Pro Children questionnaire has been published elsewhere [17] .
Intervention characteristics
In order to assess both the quantity (dose delivered) and the quality (fidelity) of the 'school curriculum', teachers were asked whether they had implemented each lesson at all ('yes' = 1, 'no' = 0), and whether they had followed the instructions in the teachers' manual ('yes all of it' = 1, 'no some of it' = 0.5, 'no not at all' = 0). By combining the quantity and quality of the 16 activities, a composite score was calculated (0-16). For this purpose, mainly data from the teacher questionnaires were used, since most teachers completed these questionnaires. The logbooks were used to complete missing data on the delivery and fidelity of the implementation of the school curriculum.
'Parental involvement' was assessed by asking the parents ('yes' = 1, 'no' = 0), whether they had helped their children doing the four homework assignments that specifically asked for their input, whether they had conducted the computer-tailored tool for adults, and whether they had seen at least two of the three newsletters. Parents were also asked whether they talked about the project with their child ('often' = 1, 'sometimes' = 0.5, 'no' = 0). Subsequently, a total score for parental involvement was calculated (0-7). Cronbach's alpha of those seven items was 0.79.
To assess changes in 'distribution of fruit and vegetables at school', the difference between weekly frequency of intervention-induced distribution of fruit and vegetables, measured at follow-up and baseline, was computed.
In addition to these three intervention characteristics, children were asked whether they 'appreciated the project' by indicating whether they liked eight different project activities (e.g. whether they liked doing homework assignments with their parents, the computer-tailored test, eating fruit and vegetables at school, the website and the workbook) and the project in general ('liked it a lot' = 3, 'liked it' = 2, 'did not like it' = 1). When calculating a mean score for appreciation (1) (2) (3) , the number of activities that were implemented at school according to the schoolteachers was taken into account, i.e. when a child did indicate he/she liked an activity, but this activity was reported as not conducted by the teacher, the child's answer was considered not to be reliable and was omitted. When the child, for example, indicated he/she liked to Association implementation and effects of Pro Children make a recipe for an international recipe competition, but according to the teacher this lesson was not implemented at all and did not send in any recipes, the answer of the child was omitted.
Respondents and preliminary data handling
Due to lack of informed consent or being sick on the day of data collection, 117 schoolchildren did not participate at baseline (response rate = 89.5%). At follow-up, 155 did not participate, due to illness on the day of data collection or having moved to another school during the intervention period (response rate = 86.1%). In total, 998 children who were exposed to the Pro Children intervention completed the baseline survey. Nine children were excluded from analyses due to missing values on the food frequency measures at baseline. Besides frequency measures, a 24-hour recall was included in the questionnaire. Another 23 children were excluded due to overreporting (>1000 g of fruit and vegetables the previous day). Of the remaining 966 children, 81 did not complete the follow-up questionnaire while 17 were excluded due to overreporting in the 24-hour recall and/or incompleteness of the food frequency measures at follow-up. Thus, complete data on all intake measures were available for 868 children. Teacher reports on both the first (80.3%) and second (83.9%) teacher questionnaire and the logbooks (82.1%) were used to assess implementation of the school curriculum. During the school year, only one school dropped out on request of the school staff. Complete data on the implementation of the school curriculum were available for 51 out of 56 classes (data missing from 50 children). In Spain, data on frequency of the fruit break were lacking for four classes (data missing from 86 children). Twenty-six children had not completed the questions on appreciation of the project.
The parent questionnaires were completed by 863 parents (99.4%) at baseline and 632 (72.8%) at follow-up. Response at follow-up was higher in Spain (83.4%) and Norway (79.8%) than in the Netherlands (56.1%). Of the 632 parents who completed the follow-up questionnaire, 559 parents completed the questions regarding the process data (88.4%). Due to missing values on the four intervention characteristics, the number of cases included in the different analyses varied slightly.
Statistical analyses
To assess potential dropout bias, both among children and parents, multiple logistic regression analysis was conducted with dropout as dependent variable and country, gender, age, immigrant status, living circumstances, mother's educational level and child's intake at baseline as independent variables. In addition, parents who did complete the process questions were compared with parents who completed the questionnaire but not the process questions (559 versus 73).
For the statistical tests, the values of the variables of degree of implementation of the school curriculum, parental involvement and appreciation of the intervention were recoded into tertiles: i.e. 'low' (1), 'medium' (2) and 'high' (3). A change in intervention-induced distribution of fruit and vegetables was recoded into 'an increase' (1), 'no change' (0) or 'a decrease' (À1).
Exploratory analyses to assess associations between these different levels of the intervention characteristics, and changes in frequency of fruit and vegetable intake were first conducted. Univariate analyses of covariance (with Bonferoni post hoc test) were conducted with differences in frequency of fruit and vegetable intakes between baseline and follow-up as dependent variables, and different levels of the intervention characteristics, gender, country and intake at baseline as independent variables. Since implementation and appreciation of the intervention may be dependent on local circumstances and may therefore differ somewhat between and within countries, analyses will be done for the three separate countries as well.
Potential interaction effects of the process measures with gender, age, mother's educational level, family characteristics and immigrant status were explored with SPSS version 14.0 (SPSS Inc., 2005).
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Subsequently, multilevel analyses with random intercepts were conducted in order to account for the nested design (MlwiN 1.10.0007) [18] . Associations between the intervention characteristics and effects of the intervention, i.e. the differences in frequency of fruit and vegetable intake between baseline and follow-up, were assessed. For these analyses, the process measures were used as independent continuous variables, since the distribution of those variables was considered to be normal. The multilevel regression analyses were adjusted for gender, country and baseline value of the outcome measure. Standardized regression coefficients (b) for the intervention characteristics were calculated.
Two multiple regression models were tested. First the full model was analyzed, including all intervention characteristics. Due to lower response rates among the parents, a second model was conducted without including parental involvement. All analyses were carried out on the whole sample and separately for each country. All P values are two sided and 5% level of significance was used.
Results
Dropout
Multiple logistic regression of dropout among children at first follow-up showed that children from Norway [odds ratio (OR) = 0.36, 95% confidence interval (CI) = 0.67-0.77] dropped out significantly less often than children from Spain and the Netherlands.
Multiple logistic regression revealed that parents from families in which both parents were born in the research country (OR = 0.35, 95% CI = 0.23-0.52) and parents from families in which both parents of the child lived together (OR = 0.45, 95% CI = 0.26-0.76) dropped out significantly less often than parents from families in which at least one parent was born abroad or parents no longer lived together. Parents who took part in the followup questionnaire, but did not respond to the process questions, did not differ from those who completed also those items. Characteristics of the study population are shown in Table I .
Degree of intervention implementation
The mean number of lessons that was implemented by the teachers differed significantly between all three intervention sites, and ranges from two to all 16 lessons (P < 0.01) ( Table II) . The degree of implementation was significantly higher in Norway (P < 0.01) compared with Spain and the Netherlands, and significantly lower in the Netherlands (P < 0.01) than in Spain and Norway. All countries showed a similar downward trend in the implementation of the school curriculum: all schoolteachers implemented the first two worksheets while the last worksheets were only implemented by one out of three teachers.
Mean score on appreciation of the project in the total sample was 2.30 (SD = 0.47) and differed significantly between the three countries, with Norwegian children being more positive to the project than were Dutch and Spanish children (P < 0.01). 
Association implementation and effects of Pro Children
The mean number of activities that parents were involved in also differed between countries (ranged from none to all seven), with significantly higher scores in Norway (P < 0.05), and significantly lower in the Netherlands (P < 0.05). Among girls, the percentage of parents who were involved in any activity was higher than among boys (69.7 versus 62.4%, P < 0.05).
Parents of girls also reported involvement in more activities together with their child than did parents of boys (P < 0.05). Parental involvement was higher among children who lived with both parents (mean = 3.3, SD = 1.9) (P < 0.05) or with two adults (mean = 2.9, SD = 1.8) (P < 0.05) than among children who did not live with both parents (mean = 2.9, SD = 1.8) or with only one adult (mean = 2.8, SD = 1.7).
None of the Dutch children received fruit and vegetables at school prior to the intervention, while all of them received two pieces of fruit and vegetables per week as part of the intervention. In Norway and Spain, children were able to change their subscription to the ongoing school fruit program, but few children did so. In total, 84.5% of the Norwegian and 79.0% of the Spanish children did not change their subscription status. Due to lack of variability in changes in distribution of fruit and vegetables in all three countries, this variable was not included in the remaining analyses.
Degree of school curriculum implementation and intervention appreciation was not associated with gender or age of the child, mother's educational level, family characteristics and immigrant status, when adjusted for country (data not shown). In addition to the pooled data, we conducted analyses on the three countries separately.
Intervention characteristics associated with intake
The full model, including all intervention characteristics, did not reveal substantial differences than the second model without including parental involvement. Therefore, only results from the full model are presented, and only significant differences between both models are discussed. Table III shows that the appreciation of the project (P < 0.01) and the degree of implementation of the school curriculum (P < 0.05) were significantly associated with changes in frequency of fruit intake.
Fruit intake
Children who scored highest on appreciation of the intervention showed a significantly higher increase in intake compared with children who scored medium (P < 0.01) or low (P < 0.01) on appreciation. No differences were found between low and medium appreciation (P > 0.05). The strongest Underlined: significant at the P = 0.05 level.
a Adjusted for gender, country and intake at baseline.
Association implementation and effects of Pro Children increase in intake was found among children who had completed >10 lessons at school compared with those who had done between 7 and 10 lessons (P < 0.05) or <seven lessons (P < 0.05). No significant differences were found between low and medium degree of implementation (P > 0.05). No significant associations were found between parental involvement and changes in frequency of fruit intake (P > 0.05).
Vegetable intake
Significant positive associations were found between appreciation of the project (P < 0.01), the degree of implementation of the school curriculum (P < 0.05), parental involvement (P < 0.01) and changes in frequency of vegetable intake.
Children who scored highest on appreciation of the intervention showed a significantly higher increase in intake compared with children who scored medium (P < 0.01) or low (P < 0.01) on appreciation. No differences were found between low and medium appreciation (P > 0.05).
The strongest increase in intake was found among children who had completed > 10 lessons at school, compared with those who had done seven lessons or fewer (P < 0.01). A significant difference was also found between low and medium degree of implementation (P < 0.05). No significant difference was found between medium and high degree of implementation (P > 0.05).
Children with highest parental involvement showed the highest increase in frequency of vegetable intake, compared with children who scored medium (P < 0.05) or low on parental involvement (P < 0.05). No differences were found between low and medium involvement (P > 0.05).
The multilevel analyses revealed results comparable to those of the exploratory analyses of variance. Appreciation (fruit: standardized regression coefficient, b = 0.16, 95% CI = 0.08-0.32; vegetables: b = 0.18, 95% CI = 0.11-0.39) and the school curriculum (vegetables: b = 0.11, 95% CI = 0.02-0.14) showed significant associations with changes in intake. Associations between the school curriculum and changes in fruit intake were only significant when parental involvement was excluded from the analyses (b = 0.09, 95% CI = 0.02-0.11). Parental involvement was significantly associated with changes in vegetable intake (b = 0.07, 95% CI = 0.01-0.11).
Country-specific analyses showed similar results for changes in fruit and vegetable intake (Table III) . Although some effect sizes did not always remain significant, magnitudes of effect sizes were comparable to those found in the total sample. In all countries, a significantly higher increase in intake was found among the children who scored highest on appreciation of the intervention, compared with children who scored medium or low on appreciation.
Country-specific exploratory analyses showed that only in Spain significant relationships were found between parental involvement and changes in fruit intake (P < 0.05), and between parental involvement (P < 0.01), the degree of implementation of the school curriculum (P < 0.01) and changes in vegetable intake.
Multilevel analyses showed a significant association between the school curriculum and changes in fruit intake in Norway (b = 0.16, 95% CI = 0.01-0.17) and change in vegetable intake in the Netherlands (b = 0.12, 95% CI = 0.02-0.16).
Discussion
The results from this study demonstrate that the degree of implementation of the Pro Children intervention and the children's appreciation of the intervention are associated with higher intake levels of fruit and vegetables.
In all three countries, the content of the school curriculum and parental activities were comparable [8] . However, implementation and appreciation of the intervention may have been dependent on local circumstances and may therefore have differed somewhat between and within countries. To better interpret the effects of the intervention on changes in frequency of fruit and vegetable intake [9] , an assessment was made regarding the degree of implementation and appreciation of three Pro M. Wind et al.
Children intervention components and their association with changes in fruit and vegetable intake.
This study shows that the schoolchildren's appreciation of the intervention was associated with changes in fruit and vegetable intake. Bere and colleagues [19] also found stronger effects of a similar intervention among the children who enjoyed the intervention the most. This suggests the importance of involving children from the early stages when developing an intervention, in order to make attractive interventions. Results from this study indicated that the children preferred the more practical lessons, such as a taste testing, doing computertailored test, eating fruit and vegetables at school and making a recipe.
Our study also revealed that the school curriculum delivery and fidelity were associated with changes in fruit and vegetable intake. Similar results have been found in other studies [20, 21] .
The degree of implementation of the school curriculum was not optimal. Since the degree of implementation was related to the outcome, this implies that effects of the intervention could have been better if the school curriculum had been more fully implemented. The observed highest mean number of implemented lessons in Norway might be explained by the fact that at most Norwegian schools a home economic teacher was responsible for the intervention. This might have been a better setting compared with Spain and the Netherlands where the regular classroom teachers were responsible for implementing the Pro Children intervention. To ensure optimal implementation, teachers should be involved in the curriculum development and implementation plan. Moreover, determinants of implementing the school curriculum should be further investigated. Lack of time might be a barrier, therefore more research is needed to assess the most important determinants of schoolchildren's fruit and vegetable intake so that the curriculum can become even more focused, requiring fewer school hours.
As in other studies, parental involvement was rather low [20, 22] . In the Dutch sample, almost 50% of the parents of the participating children in the Rotterdam schools were of non-Dutch origin.
Language barriers might have caused low involvement in homework assignments. The children were the least enthusiastic about the homework assignments which had to be carried out with one of their parents. Making these parent-related activities more attractive might therefore lead to stronger parental involvement as well as stronger associations with changes in intake.
Parental influences have shown to be important determinants of children fruit and vegetable intake [1, 2, 23, 24] . We did find significant associations between parental involvement and changes in vegetable intake, and it is recommended to further investigate the determinants of (non-)participation in school-based health-promoting activities among parents.
An important strength of this study is that the intervention was tested in three very different geographical and cultural settings. Furthermore, validated instruments were used to assess intake [17] . The findings reported in this study should, however, also be considered in the light of some limitations. The dropout analyses among parents revealed that a selective group of parents completed the first follow-up questionnaire; parents from families in which at least one parent was born in a country other than the research country and parents from families in which both the parents of the child no longer live together were more likely to drop out. Results presented might therefore not be fully representative, especially for the Dutch sample where the participation rate was lowest.
The validity and reliability of the assessment of the four intervention characteristics has not been tested. Teachers could have given socially desirable answers and overestimated the implementation. A validation study comparing three different methods (i.e. classroom observations, teacher self-reports and post-implementation interviews) to assess implementation of a school-based health curriculum by Resnicow et al. [25] showed that different methods lead to different implementations rates. In Resnicow's study, implementation rates based on teachers' self-reports were higher, suggesting that overestimation of implementation might also have been the case in our study for which we used Association implementation and effects of Pro Children teachers' self-reports. However, the measures we used were based on earlier studies [26] and expert consultations. Face and content validity were seen to be high. Moreover, we used multiple data sources to assess the implementation of the school curriculum.
Observations, questionnaires and interviews are a common combination to assess implementation [25, 27, 28] . We mainly used questionnaires in which detailed data were collected, while logbooks were used to complete missing data. Both these self-reports were used to calculate implementation scores for the school curriculum in which quality and quantity, two important dimensions of implementation [26, 29] , were combined. Relying on only one data source, however, might reveal less reliable measures. Extensive interviewing of the teachers immediately after the intervention period or dual observations of fidelity might have been more valid than self-reports. Moreover, more indepth data might have provided more information on why schools were unable to implement the entire curriculum and why schools had success or failure in involving parents.
Another limitation of this study is the lack of ability to state causality. When assessing associations between process measures and changes in intake, it might also be that children who already eat more fruit and vegetables, or who like fruit and vegetables better, appreciate the project more or are more active in stimulating their parents to conduct activities with them. However, this study does help to shed some light on how the Pro Children intervention changed effects on intake of fruit and vegetables. A next step, as suggested by Baranowski and Jago [29] , would be to assess effects of the Pro Children intervention on mediating factors, such as psychosocial factors. Subsequently, a similar study can be recommended using those mediating factors as outcome measures. This study shows that the implementation of a school curriculum is crucial to have effect on the children's intake of fruit and vegetables. Furthermore, it shows the importance of developing an intervention that is appreciated by the children. Our study therefore provides support for the importance of a process evaluation; however, validation studies of process measures are recommended. 
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